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5 METHOD FOR COATING A METAL PLATE OR SHEET, AT LEAST ONE FACE OF WHICH HAS A DUAL 
MINERAL COATING - STRIP PLATE STEMMING FROM THE METHOD. 



With this method, at least one face of the strip (2) exiting from the galvanization bath is sown with a 
metal or organic powder, the zinc still being liquid, and surface heating of this face (2a) is performed 
10 by means of infrared emitters (12) simultaneously with powerful cooling of the other face by a 
cooled fluid (13). 
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One of the most widespread techniques for ensuring protection 
of a steel metal sheet is continuous hot dip galvanization. The 
protective layer thus produced is most often a zinc-based alloy. The 
essential flaw of the zinc is a medium resistance to corrosion. To 
5 overcome this, various techniques have been devised notably dealing 
with the addition of a certain amount of aluminium in the coating 
bath (typically 5%) or even creating an aluminium- zinc alloy 
(typically containing 55% of aluminium) . However, these alloys as 
compared with standard alloys with more than 95% zinc have the 

10 drawback of only providing low galvanic protection of the edges. 
Next, their application is more expensive, requiring higher bath 
temperatures. Other techniques consist of producing coil coating in 
line behind galvanization, the paint layer deposited on the zinc 
layer increasing the strength of the coating. The products which 

15 result from this technique are not universally used, considering the 
relative brittleness of the organic coating which poorly resists to 
subsequent forming operations. 

In order to make the product more easily weldable, it is also 
known how to proceed after dipping galvanization with heat treatment 
20 of galvanized product in order to promote formation of an iron- zinc 
intermetallic alloy which has the required properties for good 
weldability. On the other hand, this alloy is brittle and the sheet 
poorly lends itself to operations with significant deformation, 
during which a loss of adherence of the coating is observed. 

25 The present invention intends to propose another type of 

coating, always including zinc, which is a material which is easy to 



apply and relatively inexpensive, which may optimally meet the 
various constraints to which a "galvanized" sheet is subject both 
from the point of view of corrosion and of the field of use. 

For this purpose, a first object of the invention is a method 
for producing a coated metal material consisting of producing the 
coating of a plate -shaped or strip- shaped basic substrate by dipping 
this substrate in a bath of zinc or zinc alloy and of projecting on 
the still molten zinc skin, borne by at least one face of the 
substrate, another mineral compound in the form of a powder, which 
comprises at least the additional step of heating up the sown face 
by means of a radiating heat source and powerfully cooling the 
opposite face of the substrate. 

The result of this method is melting of the powdery element 
which forms a continuous layer at the surface of the zinc, the 
nature of which depends on the mineral element and which preserves a 
zinc (or alloy) sublayer ensuring galvanic protection of the edges 
of a thereby coated metal sheet part . 

This is notably the case when the powder is aluminium powder. 
In this case, in addition to the galvanic protection of the edges, 
the resistance to corrosion of the product is very significant since 
the aluminium "film" surmounting the zinc is oxidized at the 
surface, a sealed alumina layer thereby protecting all the 
sublayers . 

When the powder is iron, a slight diffusion of iron into the 
upper zinc layer occurs so as to form a delta iron-zincintermetallic 
alloy which is very weldable. Although this alloy is hard, the zinc 
sublayer forms a sort of binder which preserves the adhesion of the 
coating to the base substrate. 

The mineral powder may be formed by another product such as a 
ceramic or metal oxide which "vitrifies" under the effect of heat 
radiation. 

The method according to the invention may include an 
intermediate step consisting of compacting the powder projected on 
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the zinc film before the heat treatment. This compacting may be 
achieved by lamination under low pressure. 

The method of the invention is applied as a subsequent step to 
continuous or batchwise hot dip galvanization. In the case of 
5 continuous galvanization, as the substrate is a continuous strip, 
the method consists of having the strip successively run in a bath 
of molten zinc or zinc alloy, in an enclosure for projecting the 
mineral powder and then in a thermal enclosure including radiant 
heating members on one side of the strip, and a device for cooling 
10 the strip by conduction on the other side. 

If necessary, before the entry of the strip into the thermal 
enclosure, the strip passes into a station for compacting and 
spreading out the powder, this station including a low pressure 
rolling mill for this purpose. 

15 The second object of the invention lies in a product which 

includes, on a substrate with the shape of a steel strip or plate, a 
face covered with a zinc layer and another face covered with a 
coating consisting of a zinc sublayer covered with a continuous 
mineral layer, wherein this mineral layer may be formed by a metal 

20 layer typically of aluminium, an iron- zinc alloy or a ceramic either 
glassy or not. 

The exemplary embodiment of the invention given hereafter 
relates to a method for making a metal sheet galvanized on its two 
faces and covered with a thin aluminium layer on one of them. 

25 Reference will be made to the appended drawings wherein: 

Fig. 1 schematically illustrates a line for continuous 
production of such a product, 

- Fig. 2 illustrates an alternative embodiment of Fig. 1 having 
a station for compacting the sown metal strip, 

30 - Fig. 3 is a section of a coated metal strip according to the 

invention. 



A spool of strip steel 1 delivers a strip 2 which, after 
passing in thermal and/or chemical preparation units 3 and 4 runs 
into a bath 5 of molten zinc or zinc alloy, in the direction A. With 
a wiping device 6, it is possible to adjust the thickness of the 
zinc layer, carried along by the strip, which remains liquid. The 
strip enters an enclosure 7, if need be maintained at a temperature, 
in which it receives on one of its faces 2a a projection (pneumatic 
or other) of aluminium powder, by means of a projecting system 8 fed 
by a hopper 9. The aluminium powder 10 is retained and carried away 
by the strip, or at the very least a certain fraction of the 
projected powder which itself will have been adjusted depending on 
the strip's running speed and on many other parameters so as to 
obtain the final thickness of aluminium with which the product is 
intended to be covered. 

The strip then penetrates into a thermal enclosure 11 which has 
on the side of the face 2a sown with aluminium powder, a set 12 of 
radiant heating members and on the other side, a powerful cooling 
device 13, for example a nozzle for blowing a gas 13a cooled by 
expansion or vaporization from its liquid state (notably C0 2 ) . 

The members 12 may be of any known type. They thus comprise 
infrared sources and laser radiation sources. 

In this thermal enclosure, the set of radiant members is 
arranged so that the strip is subject to a significant thermal 
"shock" . It is seen that the radiation only has a very superficial 
effect on the face 2a and that the heat is concentrated at the 
surface of the zinc on which the aluminium grains transformed into a 
liquid film form an additional barrier reflecting infrared 
radiation. This type of heating, which benefits most from the 
thermal inertia of the metal sublayer, with the powerful cooling of 
the other face, practically prevents any diffusion of the aluminium 
into the zinc layer. 

Fig. 2 differs from Fig. 1 by the placement of a section 14 for 
compacting the powder in the zinc matrix and for improving its 
distribution. This section is interposed between the projection 
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enclosure 7 and the heat treatment enclosure 11. It may simply be 
formed by a rolling mill acting with low pressure on the strip 2. 

The product obtained after cooling, if need be with a cooling 
section R, seen in an enlarged sectional view, appears as 
5 illustrated in Fig. 3. 

The steel core 15 of the product is covered on both of its 
faces with a zinc layer 16, with an interface area 17 in which iron- 
zinc intermetallic alloys are found. On the face sown with aluminium 
powder, corresponding to the face 2a of Fig. 1, an aluminium film 18 

10 is found, the thickness of which depends on the amount of powder 
"trapped" by liquid zinc in the projection enclosure 7, which has a 
very clear lower frontier 19 with the zinc in the sublayer. It is 
seen that there is practically no diffusion of aluminium into the 
zinc, which is very appreciable in the case of such a coating. 

15 Indeed, if there was significant diffusion, the latter would have 
certainly generated formation of Fe 2 Al 5 which is a very hard compound 
which may be detrimental to the proper strength of the coating 
towards deformations which it is intended to undergo during forming 
of the metal sheets, and in any case, forming a source of 

20 heterogeneity of the latter coating. 

The described example is not limiting and the invention relates 
to any product covered in this way with a mineral compound projected 
on a zinc layer still in a molten state and heated very rapidly by 
infrared or laser radiation in order to obtain the melting and its 
25 spreading out as a surface layer on the zinc. Thus, the powder may 
be iron and in this case, diffusion of the iron into the zinc occurs 
over a small thickness in order to produce a delta type 
intermetallic alloy which improves the weldability of the product. 

Given the significant concentration of the calories radiated at 
30 the "skin" of the zinc, high temperatures may be reached which allow 
"vitrification" of mineral oxides and ceramics. 
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CLAIMS 

1. A method for producing a coated metal material, 
consisting of achieving the coating of a plate- shaped base substrate 

5 (2, 15) by dipping this substrate in a bath (5) of zinc or zinc 
alloy, and of projecting on the still molten zinc film, borne by at 
least one face (2a) of the substrate, another mineral compound as a 
powder, characterized in that it comprises at least the additional 
step of heating the sown face (2a) by means of a radiant heat source 
10 (12) and of simultaneously and powerfully cooling (13) the opposite 
face of the substrate. 

2. The method according to claim 1, characterized in that it 
includes the step prior to heating up, of compacting the powder in 
the zinc matrix. 

15 3. The method according to claim 1 or claim 2, characterized 

in that the mineral powder is aluminium powder. 

4. The method according to claim 1 or claim 2, characterized 
in that the mineral powder is iron powder. 

5. The method according to any of the preceding claims, 
20 characterized in that, the substrate being a continuous strip (2) , 

it consists of having the strip (2) successively run in a bath (5) 
of molten zinc or zinc alloy, in an enclosure (7) for projecting the 
mineral powder and then in a thermal enclosure (11) including on one 
side of the strip, radiant heating members (12) and on the other 
25 side, a device (13) for cooling the strip by conduction. 

6 . The method according to claim 5 taken as dependent on 
claim 2, characterized in that it consists of having the strip pass 
into a rolling mill (14) after the projection enclosure (7) and 
before the thermal enclosure (11) . 

30 7. A coated plate or strip product characterized in that it 

includes on a steel substrate (15) a face covered with a zinc layer 



(16) and another face covered with a coating consisting of a zinc 
sublayer (16) covered with a continuous mineral layer (17). 

8. The product according to claim 7, characterized in that 
the upper layer (17) of the composite coating is an aluminium layer. 

9. The product according to claim 7, characterized in that 
the upper layer (17) of the composite coating is a delta iron- zinc 
alloy. 
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(54) Procede de revetement d'une plaque ou tole metallique dont au moins une face possede un double revete- 
ment mineral - Plaque bande issue du procede. 



(57) Par ce procede, on ensemence au moins une face de 
la"Dande (2) sortie du bain de galvanisation avec une pou- 
dre metallique ou organique, le zinc etant encore liquide et 
on procede a un chauffage superficiel de cette face (2a) au 
moyen d'emetteurs d'infrarouges (12) simuitanement a un 
refroidissement energique par fluide refrigere (13) de I'au- 
tre face. 
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L'une des techniques Les plus r^pandues pour assurer 
la protection d'une tole metallique en acier est La galvanisa- 
tion au tremp6 en continu. La couche de protection ainsi 
realis6e est Le plus souvent un alliage a base de zinc. Le 
5 d6faut essentiel du zinc est une resistance moyenne 3 la 

corrosion. Pour Le pallier, on a imaging diverses techniques 
portant notamment sur I'addition d'une certaine quantite d"aLu- 
minium dans Le bain de revetement (typi quement 5 %) voire de 
cr§er un alliage Aluminium Zinc (contenant typiquement 55% 

10 d" Aluminium) - Ces alliages presentent cependant, par rapport 
aux alliages classiques a plus de 95 % de Zinc 1 1 i nconv6ni ent 
de n'orffrir qu'-une faible protection galvanique des rives, 
lis sont ensuite de mise en oeuvre plus couteuse, necessitant 
des temperatures de bain plus elevees. D'autres techniques 

15 consistent a realiser un prelaquage en ligne derriere la gal- 
vanisation, la couche de peinture deposee sur la couche de 
zinc augmentant la resistance du revetement. Les produits 
resultant de cette technique ne sont pas d'emploi universel 
compte tenu de la relative fragilite du revetement organique 

20 qui resiste mal aux operations de formage ulterieures. 

II est egalement connu, pour rendre le produit plus 
f aci lement soudable, de proceder aprfes la galvanisation au 
trejnpe, a un traitement thermique du produit galvanise pour 
favoriser La formation d'un alliage intermStal lique fer-zinc 

25 qui possede les qualites requises pour une bonne soudabilite. 
En revanche cet alliage est cassant et la tole se prete mal 
h des operations avec deformation importante, au cours des- 
quelles on assiste S une perte d'adh6rence du revetement. 

La pr6sente invention entend proposer un autre type 

30 de revetement, comportant toujours du zinc qui est un mat6riau 
facile & mettre en oeuvre et relativement bon march6, qui 
puisse repondre de manifere optimale aux diverses contraintes 
auxquelles une tole "galvanis£e" est soumise tant du point de 
vue de la corrosion que du domaine d'emploi- 

35 A cet effet, elle a pour premier objet un proc£d6 
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de production d'un materiau metallique revetu, consistant & 
reali ser Le revet ement . d 1 un substrat de base en forme de pla- 
que ou bande par trempage de ce substrat dans un bain de zinc 
ou d'alliage de zinc et a projeter sur La pellicule de zinc 
encore en fusion, portee par au moins une face du substrat, 
un autre compose mineral sous forme de poudre, qui comprend au 
moins l'£tape supp lemen tai re d'6chauffer la face ensemenc<§e par 
le moyen d'une source de chaleur radiante et de refroidir 
simultan6ment et de maniere energique la face opposSe du subs- 
trat. 

II resulte de ce proced§ une fusion de l'6lement pul- 
verulent qui constitue une couche continue a la surface du 
zinc dont la nature depend de I'element mineral et qui preser- 
ve une sous-couche de zinc (ou d'alliage) assurant la protec- 
tion galvanique des rives d'une piece de tole ainsi revetue- 

C'est notamment le cas lorsque la poudre est une pou- 
dre d'aluminium- Dans ce cas, outre la protection galvanique 
des bords, la resistance a la corrosion du produit est tres 
importante car le "film" d'aluminium surmontant le zinc s'oxy- 
de en surface, une couche d'alumine Stanche protegeant ainsi 
toutes les sous-couches. 

Quand la poudre est du fer, i I se forme une l£g£re 
diffusion du fer dans la couche supdrieure du zinc pour -former 
un alliage i ntermeta I lique delta fer-zinc qui est trfes souda- 
ble. Bien que cet alliage soit dur, la sous-couche de zinc 
constitue une sorte de liant qui conserve l'adh£rence du. 
revetement au substrat de base. 

La poudre minerale peut etre constitute par un autre 
produit tel qu'une ceramique ou un oxyde m6tallique qui se 
"vitrifie" sous I'effet du rayonnement calorifique. 

Le proc6d£ selon I'invention peut comporter une 6tape 
intermedi ai re consistant & compacter la poudre projet£e sur 
le film de zinc avant le traitement thermique. Ce compactage 
peut etre realise par laminage sous faible pression. 

Le proc6d6 de I'invention s'applique comme une ttape 
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ulterieure d'une galvanisation au trempe continue ou disconti- 
nue, Dans Le cas d'une galvanisation continue, le substrat <§tant 
une bande continue, le proc6de consiste a faire defiler La bande 
successi vement dans un bain de zinc ou d'alliage de zinc fondu, 

5 dans une enceinte de projection de la poudre minSrale puis 

dans une enceinte thermique comportant d'un cote de La bande 
des elements radiants de chauffage et de L'autre c8te un dispo- 
sitif de refrigeration de La bande par conduction- 

Le cas 6cheant, avant I'entree de La bande dans L'en- 

10 ceinte thermique, la bande passe dans un poste de compactage et 
d'etalement de la poudre, ce poste comportant a cet effet un 
laminoir basse pression- 

Le second objet de l'invention reside en un produit 
qui comporte, sur un substrat en forme de plaque ou bande 

15 d'acier, une face recouverte d'une couche de zinc et une autre 
face recouverte d'un revetement compose d'une sous couche de 
zinc recouverte d'une couche minerale continue, cette couche 
mirieraLe pouvant etre constitute par une couche metallique typi- 
quement de I'aluminium, un alliage fer zinc ou une ceramique 

20 vitreuse ou non. 

L'exemple de realisation de l'invention donne ci-apr£s 
concerne un proc6d6 de fabrication d'une tole galvanisee sur 
ses deux faces et recouverte sur L'une d'elles d'une couche 
mince d 1 a lumi ni urn - 

25 II sera fait reference aux dessins annexes dans les- 

quels : 

- la figure 1 reprdsente sc hemat i quement une Ligne de 
production en continu d'un tel produit, 

- la figure 2 illustre une variante de realisation de 
30 la figure 1 possSdant un poste de compactage de la bande metal- 
lique ensemencee, 

- la figure 3 est une coupe d'une bande metallique, 
revetue, conformement a l'invention. 

Une bobine de feuillard d'acier 1 deiivre une bande 2 
35 qui, apres passage dans des unites de preparation thermiques 
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et/ou chimiques 3 et 4 dSfile dans un bain 5 de zinc ou d'al- 
Liage de zinc fondu, dans Le sens A, Un dispositif 6 d'essorage 
permet de regler L'^paisseur de La couche de zinc, entrainee 
par La bande, qui demeure Liquide. La bande entre dans une en- 
ceinte 7, au besoin maintenue en temperature dans LaqueLLe eLLe 
regoit, sur L'une de ses faces 2ja une projection (pneumatique 
ou autre) de poudre d'aluminium, au moyen d'un systeme de projec 
tear 8 alimente par une tremie 9. La poudre d T a Lumi ni urn 10 est 
retenue et entrainee par La bande, ou du moins une certaine 
fraction de ceLLe projet6e qui elle aura 6t6 regime en fonction 
de La vitesse de defilement de La bande et de nombreux autres 
parametres de fapon> a obtenir L'epaisseur finaLe d 1 a Lumi ni urn 
dont on veut voir recouvert Le produit. 

La bande penetre ensuite dans une enceinte thermique 
11 qui possede du cote de La face 2ja, ensemencee de poudre 
d'aluminium, une batterie 12 d'elements de chauffage radiant et 
de L'autre cote un dispositif de ref roi di ssement energique 13, 
par exempLe une buse de souffLage d'un gaz refroidi 1 3 a_ par 
detente ou vaporisation a partir de son etat Liquide (du C0 2 
notamment ) . 

Les elements 12 peuvent etre de tout type connu. ILs 
comprennent ainsi Les sources infrarouge et Les sources de rayon 
nement Laser- 
Dans cette enceinte thermique La batterie d'6Lements 
radiants est disposee de maniere teLLe que La bande est soumise 
ci un "choc" thermique important. On constate que Le rayonnement 
n'a qu'un effet trhs superficieL sur La face 2£ et que La cha- 
Leur est concentr6e a La surface du zinc sur LaqueLLe 
Les grains d'aLuminium transformes en un film liquide 
forment une barrifere supplemental re r£f I6chi ssant Le rayonne- 
ment infrarouge. Ce type de chauffage, qui profite au maximum 
de L'inertie thermique de La sous-couche m£tallique, allie au 
ref roidissement 6nergique de L'autre f ace, interdi t pratiquement 
toute diffusion de (.'aluminium dans La couche de zinc. 

La figure 2 diffdre de La figure 1 par La mise en place 
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d'une section 14 de compactage de La poudre dans la matrice de 
zinc et d 1 ame Li ora ti on de sa repartition. Cette section est 
interposee entre L'enceinte 7 de projection et L'enceinte 11 de 
traitement thermique. Elle peut etre simpLement constitute par 
un Laminoir agissant avec une pression faible sur La bande 2„ 

Le produit obtenu apres ref roi di ssement , au besoin a 
L'aide d'une section de ref roi di ssement R, vu en coupe grossie, 
se presente comme reprtsente k La figure 3. 

L'ame 15 en acier du produit est recouverte sur ses 
deux faces d'une couche de zinc 16, avec une zone d'interface 17 
dans Laquelle on trouve des alliages i nt ermeta I li ques fer-zinc. 
Sur La face ensemencee de poudre d'aluminium, co r r espondant a 
La face 2£ de La figure 1, on trouve un f i Lm d 1 a Lumi ni um 18, 
dont I'epaisseur depend de La quantite de poudre "piegee" par 
Le zinc Liquide dans L'enceinte 7 de projection, qui presente 
une frontiere inferieure 19 tres nette avec Le zinc en sous- 
couche- On constate qu'il n'y a pratiquement eu aucune diffusion 
de I'aluminium dans Le zinc, ce qui est tres appreciable dans 
Le cas d'un tel revetement. En effet, s'il avait eu une dif- 
fusion importante, celle-ci aurait certainement engendre La 
formation de Fe^Al^ qui est un compose tres dur pouvant nuire 
a la bonne tenue du revetement aux deformations qu'il est desti- 
ne a subir Lors du formage des toles, et en tout etat de cause, 
constituant une source d 1 he terogenei te de ce dernier. 

L'exemple decrit n'est pas Limitatif et I'invention 
concerne tout produit recouvert de cette mani^re avec un compo- 
se mineral projete sur une couche de zinc encore en fusion et 
chauffe tr&s rapidement par rayonnement infrarouge ou Laser pour en 
obtenir La fusion et son etalement en forme de couche superfi- 
cielle sur Le zinc- Ainsi la poudre peut etre du fer et dans ce 
cas, on assiste & une diffusion du fer dans le zinc sur une 
faible epaisseur pour produire un alLiage i nte rm£t a I L i que de type 
delta qui amtliore la soudabilit§ du produit. 

Etant donn6 La concentration importante des calories 
radices a la "peau" du zinc, on peut atteindre des temperatures 
6 Levees permettant une " vitrification" d'oxydes mindraux ou de c6ramiques. 
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REVENDICATIONS 

1. Procede de production d'un materiau metallique 
revetu, consistant h realiser Le revetement d'un substrat 
(2,15) de base en forme de plaque par trempage de ce substrat 

5 dans un bain (5) de zinc ou d'alliage de zinc et a projeter sur 
La pellicule de zinc encore en fusion, portee par au moins une 
face (2£) du substrat, un autre compost mineral sous forme de 
poudre, caracterise en ce qu'il comprend au moins I'etape supple 
mentaire d'echauffer la face (,2a) ensemencee par le moyen d'une 
10 source de chaleur radiante (12) et de refroidir (13) simulta- 
nement et de maniere energique la face opposee du substrat. 

2. Procede selon la revendi cat i on 1 caracterise en ce 
qu'il comporte I'etape prealabLe a I ' echauf f ement , de compac- 
tage de la poudre dans la matrice de zinc. 

15 3. Procede seLon la re vend i cat i on 1 ou la revendica- 

tion 2 caracterise en ce que la poudre minerale est une poudre 
d 1 a I umi n i urn . 

4. Procede selon la revendi cat i on 1 ou la revendica- 
tion 2 caracterise en ce que la poudre minerale est une poudre 
20 de fer. 

5- Procede selon I'une quelconque des re vendi ca t i ons 
precedentes caracterise en ce que le substrat, etant une bande 
continue (2) il consiste a faire defiler la bande (2) successi- 
vement dans un bain (5) de zinc ou d'alliage de zinc fondu, dans 
25 une enceinte (7) de projection de la poudre minerale puis dans 
une enceinte (11) thermique comportant d'un cote de la bande 
des 6l6ments radiants (12) de chauffage et de I'autre cot6 un 
dispositif (13) de refrigeration de la bande par conduction. 

6. Procede selon la revendi cat i on 5 prise en d6pendan w 
30 ce de la revendi cat i on 2 caract6ris6 en ce qu'il consiste S 

faire passer la bande dans un laminoir (14) apr£s I'enceinte 
de projection (7) et avant I'enceinte thermique (11). 

7. Produit en plaque ou en bande revetu caracterise 
en ce qu'il comporte, sur un substrat en acier (15) une face 

35 recouverte d'une couche de zinc (16) et une autre face recou- 
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verte d'un revetement compose d'une sous-couche de zinc (16) 
recouverte d'une couche (17) minerale continue. 

8. Produit seLon la revendi ca ti on 7 caracterise en 
ce que La couche superieure (17) du revetement composite est 
une couche d'aluminium. 

9. Produit selon La revendi cat i on 7 caractdrise en 
ce que La couche sup6rieure (17) du revetement composite est 
un alliage delta fei — zinc- 
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One of technical most widespread to ensure your protection at a metallic stee* sheet is galvanization with hardened uninterrupted The iayerr of protection 
thus earned our is generally an aiiov containing zmc:. The essential defect of zinc is an average resistance with corrosion. To mitigate it. one imagined 
various technical supporting especially on the addition of a certain quantity of aluminium in the hath of coating (typically S%; to even create an aiiov 
Aluminium 2inc (containing typically Aluminium 55%). 1 hese aHovs present however, compared to conventional alloys with more than Zinc ; <*S% the 
disadvantage of offering only one low galvanic protection of banks. 

They are then or carrying in more expensive work, requiring higner temperatures of bath. 'The otner technical ones consist in carrying out a pr e. sacquennci 
on line behind galvanization, the coat of paint deposited on" the layer of rmc increasing the resistance of the coating. The products resulting of this 
technical are not universal employment takmg into account the relative frnttleness of the organic coating which resists the subsequent forming operations 
badly. 

It is also known, to make the product easily weldable, to carry out after galvanization hardened, a thermal treatment of the. product galvanized to support 
the formation of an intcrmetailic: aiiov iron- zmc which has the required qualities for a good voidability. 

On the other hand this aiiov is brittle and the sheet prete badly with operations with substantia* deformation., during which one attends a loss of adhesion 
of the coating. 

The present invention intends to propose another type or" coating, always comprising zinc which is a material easy implement: and relatively good market, 
which can answer of optimum manner vanou& constrained to which a "galvanized" tote is subjected as well from the point of view of corrosion as field o* 
application. 

For this purpose, it has for first object, a process of production dfun metallic material covered, consisting to carry out the coating of a basic substrate in 
the shape of plate or strip by steeping of this substrate in a bath of zmc zinc or alloy and to still project on the zinc film >n fusion, carried by at least a face 
Of the substrate, another morgan ic compound in the form of powder, which includes/ understands at least the additional steo to overhear the face sown by 
the mean of a radiant energetic manner and heat source and to cool simultaneously the opposite face of the substrate. 

ft results from this process a fuss on of the pulverulent element which constitutes a continuous layer on the surface of the zinc on which the nature 
depends on the inorganic element and who preserves an undertayer of zinc ror alloy; ensuring the galvanic protection of banks of a sheet part thus 
covered. 

H is especially the case when the powder is an a ki minium powder. In this case., sn addition to the galvanic protection or the edges., the resistance with the 
con osion of the product *% very substantial because the "aluminium Mm" surmounting 7 inc. oxide on the surface, a tight saver of alumina thus protecting 
alt the underi avers, 

When the powder is iron, it is formed a slight diffusion of the iron m the great layer of zinc, for -former an inter metallic alloy delta irorwmc whicn «s very 
weldable. Although this alloy is hard, the zinc undenayer constitutes a kind of binder wtiich preserves the adhesion of the coating at the basse substrate. 

The inorganic powder can be consisted another product such as ceramic or a metal oxide whicn M js vitrified'" unde? the effect or the calorific radiation 

Hie process according to the invention can comprise an intermediate step consisting to compart, the powder projected on zmc front film me thermal 
treatment. This compaction can be earned out: by roiling under low pressure 

The process of the invention applique like a subsequent step of a galvanization to hardened continuous or discontinuous, in the case of * continuous 
galvanization, the substrate being a continuous strip, the process consists m making successively ravel the stnp in a bath of molten zmc zinc: or alloy, m 
an enclosure of projection of the inorganic powder then m a thermal enclosure comprising on a side of the strip of the radiant elements on heating and 
other wde a device of refrigeration of the strip by conduction 

ft necessary, front, the iniet of the strip m the thermal enclosure, the snip passes in a station of compaction arid spreading out of the powder, this station 
comprising for this purpose a JoMing milt low pressure. 

The second object of the mvention resides in a product which comprises., on a substrate m the shape of plate oj steei strip, a face covered with a iayei of 
zinc and another face covered with a coating made up 0? under layer of :onc tovei e.d win a continuous »norgaroc layer, tn?s inorganic layer being able so 
he consisted a metallic layer typically of aluminium, an alloy iron rtnc or ceramic glassy or not. 

The given example of realization of the invention hereafter relates to a maouractonng process of a sheet coated on its two faces and covered on one wim 
them with a thin Sayer with aluminium. 

H win he refers to trie annexed drawmgs in which 

- figure 1 schematically represents a line of products on uninterrupted of such a product, 

• figure 2 illustrates an alternative of realization of figure 1 possessing a station of compaction of the sown metal strip, 

- figure 3 is a cut of a metal strip, covered, in accordance with the invention, 

A steel 3 strip iron coil delivers a strip 2 who, after passage in thermal units of preparation and/or chemical 3 and A ravels in a bath 5 of molten zmc zinc 
or aiioy, m direction A. A device 6 of drying makes it possible to regulate the thickness of the layer of /inc. involved by the strip, who remains liquid. The 
strip enters an enclosure 7, with the requirement maintained m temperature m which it receives, on one of its faces ?a a projection {pneumatic or other) 
of aluminium powder, by means of a system of projector 8 supplied with a hopper 9. La powder of aluminium JO retained and is entrarnee by the strip, or 
ai least a certain fraction of that projected which ii wi!l have been controlled according to the tape speed of the strip and of numerous other parameters 
in order to otatatn the final thickness of aluminium which one wants to see covered the product. 

The strip penetrates then in a thermal enclosure 11 which has side of the face 2a, sown of powde? on aluminium, a battery { >. of elements of radiant 
heating and other side an energetic cooler 1.3. for example a blowing nozzle of a gas cooled S 3 a by relaxation or vaporization starting from her liquid 
state (of CO 2 especially ). 

Elements 12 can be of any known type- 'Hey thus include/understand the sources infrared and the radiation sources lasec 

In this thermal enclosure the battery of radiant, elements is laid out or' manner such as the strip is subjected to a substantial thermal ''shock'"'. It. is noted 
that the radiation has only one very superficial effect on the face 2a arid that heat is concentrated on the surface of the zmc on which 
aluminium grains transformed into a film; liquid form an additional darner reflecting the infrared radiation. This type of heating, which benefits maximum 
from thermal inertia from the metallic undertaver, combined with the energetic cooling of the other face., substantially prohibited any diffusion of 
aluminium in the layer of zmc. 

Figure 2 differs from figure L by the placement of a section \a of compaction ai the powder m the matrix of zmc and improvement of its distribution rtm 
section is interposed between enclosure 7 of projection and thermal enclosure 5 ! of treatment. (t can be simply consisted a rolling mill ailing with a low 
pressure on strip 2. 

The product: obtained after cooling, with the requirement usmg a section of cooling R, seen out of enlarged, present cut as represented on figure 3. 

Heart 115 out of steel of the product: is covered on Its two faces with a layer with zinx 15. with a 7 one of interface I? m which one finds- alloys intermetaiiic 
iron~2inc. 

On aluminium the sown powder face, corresponding with the face 2a of figure l. one finds an aii.nniou.uTi 18 film, of which the thickness depends on the 
* lop quantity of powder "trapped" by nqmd zmc in enclosure 7 of projection, which present a less border 19 very net with zmc in un delayer. It is noted that 



there wsitntialty was no diffusion of aluminium m zinc, which is very appreciate in the case of such a coating, indeed, it st nad hao a subsiantJai 
; if H WM ; t ,-;s would certain* have Generated me formation of Fe2Al5 which is a very hard compound nemq able to harm the good behaviour oM.he 
coating to the deformations that • ir'is -mended to undergo during the forming of sheet*, and m any event, instituting a source of heterogeneity of tins 
last 

the example described >s not restrictive and the invention concerns very produced covered with this manner with an inorganic compo projected on a 
lave'- ofrfnc'ttiil in fusion and heated very rapmw with m h a red radiation or iaser to obtain from it fusmn and its spreading out in the shape of super tm* ? 
layer at counter. Thus the powder can be iron and m this case, one attends a diffusion of the iron .» zinc on a low thickness to produce an .ntormeteMic: 
alloy of delta type which improves the wettability of toe product . 

Being given, the substantia* concentration of the erased calorie* w*th the "skin" of anc, one can reacn high temperatures allowing a" inorganic oxide 
vitrification. ,! or the ceramic ones. 
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CLAIMS 

i Proceeded of production of a metallic material covered,, consisting to carry out the coating of a substrate (2.1 S) haste m the shape of plate by steeping 
of thi* substrate in a hath ( V* of 2 inc. zinc or aMoy and to still project on the zinc film m fusion,, carried by at least a face (2a) of the substrate, another 
inorganic compound in the' form of powder, characterized m thai it includes/understands at least the additional step to overheat tne face (2a) sown bv the 
mean of a radiant, heat source (3 2) and to cool (13) simultaneously and of energetic manner the opposite face of the substrate 
?.. Proceeded according to claim I characterized in that it comprises the prior step with the heating, of compaction of the powder in me zinc matrix. 

3. Proceeded according to claim \ or claim 2 characterized in that the inorganic powder is an aluminium powder. 

4. Proceeded according to claim i or claim 2 characterized in that the inorganic powder is an iron powder. 

5. Proceeded according to any of the preceding claims characterized in that the substrate, being a continuous strip (2) it consists in domg to successively 
ravel the strip '2 s - in a'bath rs) of molten zinc zinc or alloy, in an enclosure (?) of projection of the inorganic powder then tn an enclosure (11) thermal 
comprising on a side of the strip of the radiant elements ( 1 2) on heating and other side a device ft 3} of refrigeration of the strip by conduction. 

6. Proceeded according to taken claim 5 in dependence of dairn 2 characterized »n that it consists in doing to pass the strip in a rolling mill (34) after the 
enclosure of projection (?) and front the thermal enclosure (li). 

7. Produced in plate or a strip covered characterized in that it comprises, on a sreei substrate (15) a face covered with a *ayer of .rmr. iHi) and another 
green face recou of a coating made up of an underiayer of zmc (165 covered with a saver f 1 7> anorganic continuous 

S, Produced according to claim 7 characterized in that: the great layer ( 17) of the composite coating is a iayei of" aluminium. 
9, Produced according to claim 7 characterized in that the great layer (17) of the composite coatmg is an ahoy delta non-zinc. 



